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ABSTRACT: Corrosion remains a critical challenge across various industrial sectors due to its substantial economic, environmental,
and safety implications. Low carbon steel, despite its favorable mechanical properties and cost-effectiveness, is highly susceptible to
corrosion, particularly in chloride-rich environments such as seawater. In recent years, the use of natural-based corrosion inhibitors
has gained increasing attention as an environmentally friendly alternative to synthetic chemicals. This study investigates the
effectiveness of guava (Psidium guajava) leaf extract, which contains active compounds such as tannins and polyphenols, as a
corrosion inhibitor for low carbon steel in a seawater medium. The weight loss method was employed to determine corrosion rates,
with inhibitor concentrations ranging from 7% to 11% over an immersion period of 288 hours. The results demonstrate that a
concentration of 10% produced the most significant inhibitory effect, reducing the corrosion rate to 0.00011 mils per year and
achieving a maximum inhibition efficiency of 73.17%. Other concentrations yielded efficiencies between 56.09% and 60.97%. These
findings indicate that guava leaf extract has considerable potential as an effective and sustainable bioinhibitor capable of reducing
corrosion in low carbon steel under harsh marine conditions. Overall, this study contributes to the development of green corrosion
mitigation strategies and highlights the viability of natural plant extracts as promising alternatives to conventional synthetic
inhibitors.
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1. INTRODUCTION

Low carbon steel, defined by carbon content between 0.05-0.30 wt %, is widely employed in
construction, automotive, and heavy-equipment manufacturing due to its favorable mechanical properties and
relatively low production costs [1]. However, one of its weaknesses is its low corrosion resistance, especially
in highly aggressive environments such as seawater. In marine conditions, chloride ions (Cl7), oxygen levels,
high humidity, and flow activity accelerate metal degradation, resulting in significant corrosion rates [2].

Corrosion is an electrochemical phenomenon in which metals undergo oxidation (anodic reaction:
release of electrons) and reduction (cathodic reaction) on surfaces in contact with corrosive agents [3]. As a
result, metal structures experience a decrease in strength, mechanical integrity, and sometimes structural failure
if left unaddressed [4]. Corrosion in marine environments also has a major economic impact, such as increased
maintenance costs and downtime, damage to marine infrastructure, and environmental damage due to
dissolved metals or corrosion products carried into ecosystems [5]. Recent studies indicate that economic
losses due to marine corrosion amount to several percent of the national GDP in coastal countries, emphasizing
the urgency of effective corrosion control [6].

To reduce corrosion, various methods have been proposed and practiced, namely coatings, employing
stainless steel or other corrosion-resistant alloys, applying cathodic protection methods, and utilizing chemical
inhibitors are among the strategies commonly adopted to mitigate corrosion [7]. Among these methods,
inhibitors have the advantage of flexibility of application and lower potential costs, especially when using
natural materials (green inhibitors/bioinhibitors) [8]. Natural materials offer the additional advantages of
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environmental sustainability and better toxicological safety compared to synthetic compounds [9]. One of the
natural material that has been extensively studied is guava leaf extract (Psidium guajava L.). Guava leaves
contain active compounds such as flavonoids, tannins, terpenoids and, polyphenols, which can form
complexes on metal surfaces or are adsorbed, thereby inhibiting anodic and cathodic reactions [10]. Recent
studies report the high efficiency of guava extract in various corrosive media. Akbar et al. (2019) [8] reported
that guava leaf extract at a maximum concentration of 25% provided up to ~97% efficiency in seawater media
in a weight loss test. Meanwhile, Abdulwahab et al. (2022) [11] tested guava leaf extract on Al-Si-Mg alloys
in a 3.5% Sodium Chloride (NaCl) solution and found that the efficiency could reach ~63% at a concentration
of 0.5% (v/v) for the gravimetric method, and higher when using potentiodynamic polarization. However,
specific studies on the effectiveness of guava leaf extract on low-carbon steel in seawater media, particularly
regarding concentration variations, immersion time, and surface characterization, remain relatively limited. A
related example is the research by Pusparizkita et al. (2023) [12] which discusses the corrosion behavior of
carbon steel in artificial seawater without inhibitors, providing important baseline data for corrosion inhibition
studies.

Based on these considerations, this study aims to evaluate the efficacy of guava leaf extract as a natural
corrosion inhibitor on low-carbon steel in seawater. It is hoped that the results of this study will contribute to
more sustainable, environmentally friendly, and economical corrosion control technology, as well as provide
an alternative to the use of expensive synthetic inhibitors or those with problematic environmental impacts.

2. RESEARCH METHOD

This research was conducted using a laboratory experiment method with a quantitative approach. The
main method used was the weight loss method, which involved comparing the initial mass and final mass of
steel specimens after immersion in a test solution for a certain period.

The instruments employed in this research consisted of a hot plate, analytical balance, magnetic stirrer,
blender, funnel, Erlenmeyer flask, measuring cup, diluting flask, caliper, measuring pipette, porcelain dish,
furnace, desiccator, and sandpaper.

Meanwhile, the materials used consisted of fresh guava leaves, 70% ethanol as an extraction solvent,
distilled water, ST37 low carbon steel, and seawater as a corrosive medium.

Preparation of Steel Sample Corrosion Determination of
Inhibitor Extract Preparation Testing Corrosion Rate
ASTM G31 (2014) - & Efficiency
Immersion Test
3kg fresh )
guava leaves @ - l
Low Carbon Steel II‘ Corrooed Pro|ectd

Maceration
(70% Alcohol,
days

-1

Concentration
(70°C, 300 rpm)

.s

T

Solutions (7-11%)

4

ST37

e

Filed & Sanded

Dried (110°C, (2h)

Intial Weight (Wo)

24h Pre-immersion
in Inhibitor in lonibor

i

288h Immersion
in Seawater

>

6 Specimens: 1 Control
0% Inh), 5 Treated (7-11%) Inh.

Crg=without Inh,
Jwith inh

511

Solution Rate

Corrosion Rate (mpy) =
(Kx W)

> TxAX,

Inhibition Efficiency (%) =

[Mxloo]

Cr,

12 days: Clean & Dry (110h)

=

Figure 1. Graphical Abstract: Effectiveness of Psidium guajava Leaf Extract as a Corrosion Inhibitor for
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2.1. Preparation of Inhibitor Extract
A total of 3 kg of fresh guava leaves were first washed thoroughly, then dried for 14 days. Once dry, the

leaves underwent grinding with a blender until they became a fine powder. A total of 228.1 g of dry powder
was extracted using the maceration method with 1 liter of 70% alcohol for two days. The maceration solution
was then filtered using filter paper. A preliminary test was then conducted on the extraction filtrate to detect
the content of tannins and other compounds that act as inhibitor agents. The test was carried out by adding 1
drop of 10% FeCls solution to 10 ml of the extract filtrate, then observing the color change of the solution. If
the solution turned greenish-black, this indicated the presence of tannins [13]. The remaining extract solution
was then heated on a hot plate at 70°C and stirred at 300 rpm until a thick extract was formed [13]. This
concentrated extract was diluted to make inhibitor solutions with concentrations of 7%, 8%, 9%, 10%, and
11%.

2.2. Steel Sample Preparation
Low carbon steel ST37 was cut into dimensions of = 3.7 cm X 3.6 cm x 0.8 cm. The surface of the

specimen was filed and sanded until shiny. The specimen was first rinsed with distilled water and subsequently
dried in a furnace at 110 °C for 2 hours, then cooled in a desiccator and weighed for its initial weight.

2.3. Corrosion Testing

The specimens were divided into six parts, consisting of one control specimen without the use of an
inhibitor and five treated specimens with various concentrations of inhibitor. Each specimen was first
immersed in an inhibitor solution for 24 hours for the inhibition process, then continued with immersion in
seawater for 288 hours. This procedure refers to the ASTM G31 (2014) [14] standard used to evaluate the level
of corrosion and the effectiveness of inhibitor materials.

2.4. Determination of Corrosion Rate and Inhibition Efficiency

In the present study, the corrosion rate was assessed through the weight loss approach. This method is
based on measuring the mass loss of specimens after the immersion process [15]. Calculation of the corrosion
rate was performed using the following formula:

KW
CR = ATp T 1)
where:
CR = Corrosion rate (mpy)

= Corrosion rate constant (534)
= Mass difference (g)

= Immersion time (hours)

= Surface area (cm?)

S > Hz2 R

= Density of carbon steel (g/cm?)

When using inhibitors, it is important to know their efficiency. The performance of a corrosion inhibitor
reflects its capability to reduce the degradation rate of metal surfaces. Its efficiency can be quantified using the
following equation [16]:

__ Cro—Cri

n=—"—X L0000 e (2)
where:

n = Inhibitor efficiency (%)

Cro = Corrosion rate without inhibitor (mpy)

Cri = Corrosion rate with inhibitor (mpy)
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On the 12th day, all specimens were removed from the corrosive medium and then cleaned of rust and
dirt adhering to their surfaces by rinsing with distilled water. After that, the samples were dried using tissue
paper until completely dry. To ensure complete dryness, the specimens were then heated in a furnace at 110°C
for 2 hours. After the heating process, the specimens were cooled in a desiccator before being weighed to
obtain their final weight. The determination of corrosion rate and inhibition efficiency was carried out through
equations (1) and (2).

3. RESULTS AND DISCUSSION
The determination of corrosion rate and inhibitor efficiency in this study used the weight loss method.
The calculation results are shown in Table 1.

Table 1. Data obtained from calculations of corrosion rate and inhibition efficiency
Concentration (%) Weight Loss (gr) Corrotion Rate (mpy) Inhibition Efficiency (%)

0 0.0542 0.00041 0

7 0.0228 0.00018 56.10
8 0.0220 0.00017 58.54
9 0.0214 0.00016 60.98
10 0.0152 0.00011 73.17
11 0.0230 0.00018 56.10

Based on observations of Table 1, data on specimen mass loss after immersion for 288 hours and
corrosion rates show that steel samples without inhibitor additives experienced the greatest mass loss. This
phenomenon is caused by electrochemical interactions between iron (Fe) ions and components in seawater,
including chloride ions, oxygen, and other dissolved substances [16]. The oxidation reaction on the anode
surface is indicated by the reaction:

Fe) —Fe* g + 2¢°
and accompanied by an oxygen reduction reaction at the cathode:

1/2 O, @™ H20(1) +2¢ —>20H_(3q)

3.1. The effect of guava leaf extract inhibitor concentration on corrosion rate
The relationship between inhibitor concentration and corrosion rate is presented more clearly in Figure:
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Figure 2. Graph showing the effect of guava leaf extract inhibitor concentration on corrosion rate

Figure 1 demonstrates how the concentration of guava leaf (Psidium guajava L.) extract influences the
corrosion rate of low-carbon steel in a marine environment. Overall, the data indicate that increasing inhibitor
concentration leads to a notable decrease in the corrosion rate up to an optimum level, after which a slight rise
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in corrosion rate is observed at higher concentrations. Under conditions without inhibitors (0%), the corrosion
rate was recorded at 0.00041%, which was the highest value in this study. This shows that low carbon steel is
very susceptible to attack by chloride ions (CI") and dissolved oxygen in aggressive seawater media. According
to Hermanto D et al. (2019), unprotected carbon steel experiences a high corrosion rate in salt solutions because
chloride ions accelerate anodic (Fe — Fe?" + 2¢7) and cathodic (O2 + 4H* + 4¢~ — 2H20) reactions on metal
surfaces [8]. This finding is consistent with the results reported by Gapsari F. et al. (2021), who demonstrated
that chloride ions are a key factor in promoting the onset of pitting corrosion in carbon steel exposed to marine
environments [17]. Furthermore, increasing the inhibitor concentration from 7% to 10%, a substantial decrease
in corrosion rate occurred, from 0.00018% to 0.00011%. This indicates the active role of secondary metabolites
in guava leaves, such as tannins, flavonoids, polyphenols, and terpenoids, the active compounds are able to
adsorb onto the carbon steel surface, creating a protective film. This adsorptive layer suppresses oxidation at
the anode as well as reduction at the cathode, demonstrating that the inhibitor exhibits mixed-type inhibitory
behavior. A similar study was reported by Fazal et al. (2022), who found that increasing the concentration of
guava extract can significantly reduce the rate of iron corrosion [17]. Similarly, research by Selvam et al.
(2015) showed that guava leaf extract is effective in inhibiting steel corrosion in acidic solutions with an
efficiency of more than 90% at the optimum concentration [18].
The optimum concentration was obtained at 10%, with the lowest corrosion rate value of 0.00011%.
At this point, the carbon steel surface was almost completely covered by inhibitor molecules, resulting in a
more homogeneous and stable protective layer. A recent study by Ezeamaku U et al. (2023) also reported that
the optimal concentration of guava leaf extract provided the highest inhibition efficiency on aluminum,
indicating a similar protective mechanism through the formation of an organic film on the metal surface [19].
However, at a concentration of 11%, there was a slight increase in mass loss, indicating a decrease in
inhibitor effectiveness. The reduction in the inhibitory performance of guava leaf extract at 1 1% concentration
can be attributed to multiple factors, although at that concentration the corrosion rate still decreased. One
reason is the formation of a protective layer that is too thick or unstable on the metal surface, thereby inhibiting
the adsorption process of active compounds such as tannins [20]. In addition, too high a concentration of
inhibitor can cause the accumulation of compounds that are not well adsorbed, which ultimately reduces the
overall inhibition efficiency [21].

3.2. The effect of guava leaf extract inhibitor concentration on inhibitor efficiency
The graph showing the relationship between the concentration of guava leaf extract inhibitors and the corrosion
inhibition efficiency of ST37 low carbon steel is presented in the following figure.
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Figure 3. Graph showing the effect of guava leaf extract inhibitor concentration on inhibitor efficiency
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From the graph in Figure 2, it can be seen that, in general, an increase in inhibitor concentration affects
efficiency in a fluctuating manner: it increases at low concentrations until it reaches an optimum at 10%, then
decreases at higher concentrations.

At a concentration of 7%, the inhibitor efficiency was 56.10% and increased slightly to 60.98% at a
concentration of 9%. This increase indicates that bioactive compounds in guava leaf extract, such as
flavonoids, tannins, and polyphenols, begin to adsorb onto the metal surface and form a protective layer that
suppresses the corrosion rate. This is in line with Shwetha et al. (2024), who stated that an increase in
bioinhibitor concentration generally expands the protected metal surface area, thereby increasing inhibition
efficiency [22]. The inhibitor efficiency peaked at a concentration of 10%, which was 73.17%. This value is
the optimum condition where the inhibitor molecules are maximally adsorbed and form a homogeneous
protective layer on the surface of low carbon steel. This layer acts as a barrier to the diffusion of aggressive
ions such as Cl~ from seawater, which accelerates corrosion. This phenomenon is consistent with the research
by Selvam et al. (2015), who found that guava extract can act as an effective natural corrosion inhibitor with
an efficiency of more than 90% in acidic media, reinforcing the finding that this bioinhibitor is effective in
various [18].

However, at a concentration of 11%, the inhibitor efficiency dropped back to 56.10%. This decrease
may be due to an excess of inhibitor molecules that cannot be adsorbed properly, causing the formation of a
non-homogeneous layer, and interactions between a high number of inhibitor molecules can disrupt the
regularity of the protective layer. This is in line with what Alao et al. (2022) reported, namely that at
concentrations above the optimum, inhibitor efficiency can decrease because the inhibitor layer becomes
unstable or forms ineffective aggregates [23]. The study by Rizi et al. (2023) states that natural inhibitors
generally work through a combination of physical and chemical adsorption, with the highest efficiency
achieved before surface saturation [24].

4. CONCLUSION
Based on the experimental findings, it can be inferred that guava (Psidium guajava) leaf extract

effectively reduces the corrosion rate of low-carbon steel in seawater media. The most favorable performance
was achieved at a concentration of 10%, yielding an inhibition efficiency of 73.17%. However, increasing the
concentration to 11% resulted in a decline in efficiency to 56.10%. This trend suggests that the inhibition
process is governed by the adsorption and formation of a protective film on the steel surface, where
performance is strongly influenced by achieving an optimum concentration. Consequently, guava leaf extract
demonstrates strong potential for further development as a sustainable and eco-friendly corrosion inhibitor for
low carbon steel.
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